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Abstract 


In an attempt to isolate salmonella serotypes from pigs slaughtered for human 
consuniption in Hong Kong, the authors have recovered 12 serotypes from the mes- 
enteric lymph-nodes, faeces, bone-marrow and blood clot of healthy animals. A com- 
parison of the serotypes isolated from pigs and those from hospital patients during 
the period of investigation showed that 8 of the 12 serotypes have been isolated from 
both sources. It was suggested that pigs constituted an important source of salmone- 
llosis in Hong Kong. Though Salmonella choleraesuis was isolated from 25% of pigs 
destroyed due to illness, only a small number of the healthy pigs carried this orga- 
nism. S. derby and S. anatum were the prevailing serotypes isolated from pigs and 
this was borne out by their constant presence in the drain swabs of the abattoir. A 
large number of the pigs contained agglutinins against S. cholevaesuis as well as 
those against S. derby and S. anatum in their blood; the titres were, however, too 
low to warrant diagnostic value. 


Introduction 


Pigs are often infected with salmonella was parallel to that in China. They 


serotypes and Salmonella choleraesuis has 
most frequently been isolated from them 
(Field, 1959; Sojka and Gitter, 1961). 
Huang and Lo (1967) noted that the high 
incidence of human infection with S. cho- 


levaesuis in hospital patients in Hong Kong 


特別 掲載 


ascribed the prevalence to the habit of 
eating pig offal by the local population, 
which has similar customs as the people of 
China. This paper reports the results of 
culture of specimens obtained from healthy 


pigs slaughtered for human consumption 
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and those destroyed due to illness for 
evidence of S. choleraesuis and other sal- 
monella serotypes. The results of agglu- 


tination tests with pig sera against S. 
choleraesuis and the prevailing serotypes 
are also presented. 


Materials and Methods 


Collection of materials: All specimens 
were obtained from the Kennedy Town 
Slaughterhouse of Hong Kong. It was con- 
structed in 1894 and has no modern facil- 
ities to conduct high hygienic standard 
of slaughtering. About 90% of the pigs 
were imported from the mainland of Chi- 
na, but many were reared in local farms 
and occasionally some were imported from 
Taiwan and Indonesia. Because of the 
great demand of pork in the market, the 
length of time for animals held in lairage 
before slaughtering was one or two days 
only. The abattoir is about three miles 
away from this laboratory; materials were, 
therefore, examined soon after collection. 

The examination period extended from 
November 1965 to December 1966. During 
this period about 80,000 pigs were killed 
in that abattoir. More than 90% of the 
pigs slaughtered were over four months 
old. A total of 300 mesenteric lymph- 
nodes, 200 faecal specimens and 50 bone- 
marrow specimens of apparently healthy 
pigs were sampled. The spleens and mes- 
enteric lymph-nodes of 20 pigs destroyed 
because cf illness and 50 drain swabs taken 
simply with sterile cotton swabs twice 
weekly in consecutive weeks were also 
cultured. In order to compare the salmo- 
nella serotyps isolated from locally reared 
pigs and those imported, the mesenteric 
lymph-nodes were sampled at random so 
that equal numbers from both origins 
were examined. The sera of 500 pigs were 


tested for agglutinins against S. cholerae- 


suis in one series and the sera of 100 pigs 
were tested for agglutinins against S. 
choleraesuis and the two prevailing sero- 
typs, S. derby and S. anatum, in another. 
The blood clot separated from all these 
sera were concurrently cultured for salmo- 
nellas. ] 

Cultural techniques: Blood clot, mesen- 
teric lymph-nodes, bone-marrow and fae- 
cal specimens from individual healthy pigs 
were obtained for culture, but the dif- 
ferent types of specimens were not always 
derived from the same pig. However, 
the spieen and mesenteric lymph-nodes 
of a destroyed pig were always taken from 
the same animal for examination. Tissue 


specimens such as lymph-node, spleen 


and bone were first washed in running 


tap-water and then immersed in 90% 
alcohol and flamed before exposing the 
pulps for culture. About 20 ml of blood 
was collected from the gushing jugular 
vein of each pig and 2 ml of the clot 


was cultured in 10 ml of the broth me- 


dium. 

The specimens were primarily cultured 
in duplicate in selenite-F broth incubated 
at 43°C (Georgala & Boothroyd, 1965), 
and in brilliant green MacConkey broth 
incubated at 37°C (Smith, 1959). The 
broth cultures were subinoculated onto 
MacConkey agar and S.S. agar media for 
isolation of lactose-negative colonies. Sus- 
picious colonies were tested by the usual 
procedures in the study of salmonellas 
and were serologically identified by slide 
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agglutination tests with appropriate group 
specific and type specific sera. Rare sero- 
types and doubtful strains were sent to 
the Salmonella Reference Laboratory 
(England) for final identification. All S. 
typhimuriumand S. enteritidis strains were 
sent to the Enteric Reference Laboratory 
(England) for phage-typing. 

Examination of pig sera for salmonella 
agglutinins: Sera separated from the blood 
clot were inactivated at 56°C for 30 min. 


and were preserved in sodium azide (0.2 
め ). Antigens of alcohol treated (O) and 
formalin treated (H) cell-suspensions were 
prepared by standard methods from a 
stock strains of each of the organisms 
tested. Twofold dilutions of the serum 
varying from 1/20 to 1/640 were employed. 
Readings were made after incubating the 
antigen-antiserum mixtures at 56°C for 
2 hours and then leaving them at room 


temperature overnight. 


Results 


The number of salmonella serotypes 
isolated and their sources are tabulated 
in Table 1. Altogether 12 serotypes were 
found and of these, S. derby and S. ana- 
tum were most frequently encountered. 
In many instances double infection with 


these two serotypes were recorded, but 
no infection with more than 2 serotypes 
in a specimen was found. Two strains of 
S. choleraesuis were isolated from a total 
of 300 mesenteric lymph-nodes of the 
healthy pigs. However, this organism was 


Table 1. Salmonella serotypes isolated from pigs and from drain swabs of abattoir 
Healthy pigs Destroyed pigs 
Mesen- | Mesen- Drain 
teric | Bone Blood teric swab 
lymph- | Faeces marrow | clot spleen lymph 
| nodes i | -nodes 
| . | | 
No. examined | 300 ! 200 S0 600 20 : 20 50 
Salmonella serotypes | | 
S. paraty phi B : 1 | = = : = = = 
S: stanley | 2 | = = 22 ー = = 
S. derby 38 : .20 4 E 4 1 4 
S. typhimurium 3 : — — ー = = ー 
S. choleraesuis | 
var. american = = IN ー 5 5 g 
S. thompson l l = = = = 2 
S. infantis 2 = = = = = = 
S. tennessee 1 — — — — ー | = 
S. enteritidis ] ー _ ーー ー a | 
var. chaco | 
S. anatum 32 30 4 — ] — 13 
S. meleagridis 4 の = = | oa = z 
S. weltevreden | l = = = | = = = 
Total no. of strains | 88 | 53 8 | l 10 6 17 
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found 5 times each from the spleens and 
mesenteric lymph-nodes of 20 sick animals. 
All S. choievaesuis strains belonged to the 


HeS-negative diphasic American variety. 


More strains of salmonellas were isolated 
from the mesenteric lymph-nodes than 
from the faeces of the healthy pigs and 
least from the blood clot. Only the two 
frequently isolated serotypes were found 
from the bone-marrow cultures and from 
the drain swabs. 

Except S. choleraesuis, more salmonella 
strains were isolated from the selenite-F 
broth incubated at 43°C than from the 
brilliant green MacConkey broth incu- 
bated at 37°C. The ratio of salmonella 
starins isolated from these two selective 
media was 1.3:1. All S. choleraesuis str- 
ains were, however, primarily recovered 
from the brilliant green MacConkey broth 
cultures. There was little difference bet- 


Table 2. Frequency of salmonella serotypes 
isolated from mesenteric lymph- 
nodes of healthy pigs 


Origin Hong Kongl Imported 
pigs | pigs 
No. examined 150 150 
S. parityphi B l 0 
S. stanley 1 1 
S. derby 21 17 
S. typhimurium 0 3 
5. choleraesuis var. ] ] 
american 
S, thompson 1 0 
S. infantis 1 | 1 
S. tennessee 0 1 
S. enteritidis var. 
chaco 0 | 
S. anatum- œ 16 i 16 
S, meleagridis 2 2 
S. weltevreden l 0 
ーー | 
Total no. of strains 45 43 


ween the rate of isolation and the sero- 
types found from the mesenteric lymph- 
nodes of the imported and the locally 
reared pigs (Table 2). It must be noted 
that the conditions of the abattoir did 
not rule out cross contamination during 
and after slaughtering. 

Except S. infantis, the other serotypes 
isolated from pigs had been reported in 
human infection in Hong Kong either from 
hospital patients or from the Public Heal- 
th Laboratory reports (Huang & Chan- 
Teoh, 1964). Table 3 compares the sero- 
types isolated from healthy pigs and those 
from hosptial patients during the period 


Table 3. Comparison of salmonella serotypes 
isolated from pigs and from hospital 
patients during November 1965— 
December 1966 


i ee 


Origin of spécimen 


Salmonella sero- Mesenteric | Clinical 
types lymph-nodes) 2L OR ens 
of healthy ON NOS: 
pigs pital pati- 
ents 


—_ ee O O 
1 


S. paratyphi A 0 3 
S. paratyphi B ] 2 
S. stanley | 2 3 
S. saint paul 0 1 
S. derby | 38 4 
S. typhimurium | 3 3 
S. paraty phi C 0 1 
5. choleraesuis var, 2 3 
american | 
S. thompson ] 0 
5. infantis 2 0 
S. tennessee 1 0 
S. newport | 0 1 
S. sendai | 0 3 
S. typhi 0 16 
S. enterttidis var. 1 ] 
chaco 
S. dublin | 0 l 
S. anatum 32 1 
S . meleagridis 4 1 
S. weltevreden 1 0 
S, senftenberg 0 1 
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of this study, i.e. from November 1965 
to December 1966. Eight of the serotypes 
isolated from pigs had been recovered 
from hospital specimens within the same 
period. Though S. anaium was frequently 
found in pigs, it was encountered only 
once in hospital patients. The phage-types 
of S. 
were types U30, U236 and an untypable 
strain; whereas those isolated from man 
were types U40, U113 and an untydable 


typhimurium isolated from pigs 


fic) 


strain. The phage-types of S. enteritidis 
isolated from pig was type 8 and that 
from man was type 4. 

Over 50% of the pigs of the first series 
have O and H agglutinins in their blood 
against S. choleraesuis, and more than 
10% of the pigs in the second series have 
O and H against S. choleraesuis, S. derby 
and S. anatum. The titres were generally 
low ranging from 1/20 to 1/160 (Table 4). 


Although in one instance the O and H 


Table 4. Agglutinin-titres against salmonella in pig sera 
N No. of sera with positive TA No. of sera with positive Total 
| No. of O-titre at no. of H-titre at ee 
Series) Antigen ene j [ | IO-po・ [ 7 9 H- 
exa- | | | | isitive | | | Dosit- 
mined PP に Wi la i ge ac ive 
| | | | sera 
= ーー ae iin 
1 |S. choleraesuis | 590 | 163 122 17| 4 0 0 | 306 145 88 28 6 0 1 」 268 
S. choleraesuis | 100' 11| © 1 0| ol of 12 26 10 1| ol of ol 37 
) | | | | | 
[ |,S. derby 100; 21) 4 0 Of OF 0| 2 ;18;10;, 6) 1| 0| 0i 35 
| Te ne 
S. anatum 100 | 33 3 0 1| o) of 37 | 28 19 Be Be) Oh G A 
| | | | | | 
titres against S. choleraesuis had reached isolated from 600 blood clot cultures and 
1/160 and 1/640 respectively, the blood this strain was derived from series I in 
clot culture of this animal yielded negative which no agglutination test againts this 
result. Only one strain of S. derby was organism was performed. 
Discussion 


Many reports of isolation of salmonellas 
from pigs are found in the literature, but 
no account of systematic study of salmo- 
nella serotypes isolated from pigs has been 
reported from Hong Kong. In a compre- 
hensive review of the subject, Sojka & 
Gitter (1961) stated that pigs and poultry 
were the biggest reservoir of salmonella 
infection in the animal kingdom. The 
present series shows that pigs slaughtered 
for human consumption in Hong Kong 
carried many salmonella serotypes (Table 
1). Our findings are in common with those 


of Galton, Smith, McElrath & Hardy 
(1954) and of Mackel, Langley & Prchal 
(1965) who found that S. derby and S. 
anatum were the two most prevailing 
serotypes recovered from pigs. 

Though a large proportion of the pigs 
slaughtered in Hong Kong were imported, 
there is little difference between the sal- 
monella serotypes isolated from imported 
and locally reared animals (Table 2). It 
indicates that salmonella infection in pigs 
is endemic in the local farms. 

In spite of the high incidence of S. cho- 
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levaesuis infection in hospitol (Huang and 
Lo, 1967), only 2 strains of this organism 
were isolated from a total of 300 (0.66%) 
mesenteric lymph-nodes of apparently hea- 
Ithy pigs. On the other hand, 5 out of 
20 (25%) of the sick animals harboured 
S., choleraesuis in their spleens and mesen- 
teric lymph-nodes. The fact that S. cho- 
levaesuis is rarely isolated from healthy 
pigs but is frequently found in animals 
with diseases (Sojka & Gitter, 1961; Ch- 
eng, 1964) is confirmed. Since brilliant 
green MacConkey broth was used in ad- 
dition to selenite-F broth as selective 
medium, the rare occurrence of S. chole: 
raesuis is not due to the use of an un- 
suitable medium for its isolation (Smith, 
1959). Sojka & Gitter (1961) maintained 
that this organism was more often isolated 
from pigs of 2—4 months old, and over 
90% of the animals examined in this series 
were older than 4 months. The rare oc- 
currence of S. choleraesuis in our series 
might well be the age of the pigs exam- 
ined. Nevertheless, since S. choleraesuis 
has occasionally been isolated from healthy 
pigs and frequeutly from the sick ones, 
the meat and offal of inapparently sick 
animals are dangerous sources of human 
infection. 

Our. findings accord with the obser- 
vations of Harvey & Thomson (1953) and 
of Georgala & Boothroyd (1965) that more 
salmonella serotypes could be isolated 
from contaminated materials when the 
selenite-F broth culture was incubated at 
43°C. We did not use brilliant green agar 
medium for subsequent plating because 
MacConkey plate, a non-selective solid 
medium, was used in conjunction with 


the S.S. agar medium. 


The frequent isolation of salmonella 
serotypes from the faeces of the pigs in 
this series indicates the intestine of the 
pig is a source of salmonella infection. 
Smith (1959) observed that the faecal 
matters of the infected animals could 
pollute the lairage or the carcasses in slau- 
ghterhouse procedures. This is borne 
out by the common occurrence of S .der- 
by and S. anatum in cultures of drain 
swabs of the abattoir. Only one strain of 
salmonella was isolated from 600 samples 
of blood clot cultures confirms the view 
that salmonella infection in pigs is gene- 
rally confined to the intestine and the 
mesenteric lymph-nodes of healthy animals 
(Field, 1959). 

The diagnostic value of salmonella agg- 
lutinins in the sera of healthy pigs has 
been discussed by Sojka & Gitter (1961), 
who maintained that the incidence of sal- 
monellosis in pigs could not be deter- 
mined by agglutination test alone. Though 
a large number of the pigs tested in the 
two series possessed either O or H agg- 
lutinins against S. choleraesuis in their 
sera, the titres are too low to have any 
diagnostic significance. The low aggluti- 
nin titres for S. derby and S. ‘anatum in 
the agglutination test as compared with 
their frequent occurrence in tissue m 
mens strengthens. this view. 

Eight of the 12 salmonella serotypes 
isolated in this study had been reported 
from hospital patients during the same 
period. Although the phage-types of S. 
typhimurium and S. enteritidis from por- 
cine and human sources did not correlate, 
this does not forgo the general view that 


pigs are potential source of human salmo- 


nelloses. - 
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Summary 


The results of isolation of salmonella 


serotypes from blood clot, mesenteric ly- 
mph-nodes, bone marrow and faeces of 
„healthy pigs and from spleens and mesen- 
teric lymph-nodes of sick animals slaugh- 


tered in an abattoir in Hong Kong were 


reported. The salmonella serotypes isola- 
ted from pigs and those isolated from 
hospital patients during the same period 
of study were compared. The results sup-. 
ported the general view that pigs are an 


important source of human salmonelloses. 
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香港 の 層 殺 ブタ より 分 離さ れ た サル モネ ララ 血清 型 


Bee Wo aF M R 
香港 大 学 病理 細菌 学 教室 ~ 


総 括 

1968 年 11 月 か ら 1966 年 12 月 に 至る 間 , 香港 で 食用 目的 に 必殺 され た ブタ の 各種 材料 1240 検 体 に つい て サル モ 
ネ ラ の 検出 を 試み , 本 菌 12 血 清 型 , 183 株 を 得 た . これら の うち 特に 健常 ブタ 腸 間 膜 汐 巴 腺 分 離 88 株 と , と の 
期間 人 体 か ら 検 出さ れ た 45 株 の 成績 を 比較 し , 12 型 中 8 型 ま で が 一 致す る と と を 知っ た . と の と と は 香港 の サ 
ル モ ネ ラ 症 に ブタ が 関与 する と と 大 で ある と と を 示し て いる . 病 的 徴候 が あっ た ブタ か ら の S. choleraesuis 
の 分 離 は 29 に の ば る が , 健常 ブタ か ら の 検出 は 少な か っ た . 一 方 S. derby と S, anatum は 材料 の すべ て か 
ら 検出 され 特に と れ ら に より 居 尊 場 自体 が か な り 汚 染 さ れ て いる と と を 知っ た . 以上 の ほか ブタ 血清 多数 に つ 
いて の 以上 3 菌 に 対す る 凝集 素 測定 成績 が 述べ られ て いる . 


